Objectives: The aim of this study was to test whether human leukocyte antigen (HLA) polymorphism contributes to the physical constitutions classified in Traditional Chinese Medicine (TCM).
INTRODUCTION P
hysical constitutions, or temperaments, have long been studied, and the theory of constitution is fundamental to the discipline of Traditional Chinese Medicine (TCM). Morphological structures, as well as the functional and metabolic mechanisms of the human body, are similar between individuals. However, because of differences in genetic background and/or environmental factors, everybody also shows his or her own physical and physiological specificity.
In TCM, this is described as constitution, with an individual's constitutions defined by differences in physiology, metabolism, and response to external stimulation, as well as their resistance and susceptibility to disease.
The classification of constitutions in TCM is generally based on the physiological (e.g., blood flow, pulse, and heartbeat) and physical status (e.g., facial appearance and body figure), as well as the clinical characteristics of individuals. The most representative and accepted theory of constitution in TCM in China was proposed by Wang, 1 which divided the constitution into seven groups, including: Normality, Yin-deficiency, Qi-deficiency, Yang-deficiency, Phlegm-wetness, Wetness-heat, and Blood stasis (Table 1) . These constitution groups have been applied in the clinical practice of TCM as the basic medical diagnosis before the prescription of TCM herbs. According to TCM, constitution greatly affects the occurrence, development, and prognosis of disease. For example, Yin-deficiency constitution is reportedly associated with hypertension and diabetes. 2 This suggests that there may be congenital genetic features that underlie one's constitution.
Human leukocyte antigens (HLAs) are a group of cellsurface, antigen-presenting proteins encoded by genes in the human major histocompatibility complex (MHC) region of human chromosome 6. As such, HLA molecules play key roles in the immune response 3 and are classified as either class I or II. HLA class I molecules are expressed by most nucleated cells, and it is their job to present cytosolically derived peptides to CD8 ϩ T-cells, whereas HLA class II molecules are only found on antigen-presenting cells (such as macrophages, dendritic cells, and Bcells), presenting extracellular peptides to CD4 ϩ T-cells. HLA molecules are highly polymorphic, with over 100 allelic variants existing for some genes. The most intensely studied HLA genes are three major class I HLA genes: HLA-A, HLA-B, and HLA-C; and three major class II HLA genes: HLA-DPB1, HLA-DQB1, and HLA-DRB1. These polymorphisms increase the diversity of peptides each HLA molecule can present and thus impact on disease susceptibility. This diversity has made HLA polymorphism a useful genetic marker for autoimmune diseases, infectious diseases, hereditary diseases, and cancers. [4] [5] [6] [7] Indeed, even one amino acid residue substitution can contribute to the body's susceptibility or resistance to a particular disease. 8, 9 Because both HLA polymorphism and TCM constitution are associated with disease susceptibility, we hypothesize in this paper that HLA polymorphism and TCM constitution are related. To test this hypothesis, we investigated the distribution of the classical HLA class II genes, HLA-DPB1, DRB1, and DQB1, in Chinese Han individuals with different TCM constitutions, using the high-resolution polymerase chain reaction-sequencing-based typing (PCR-SBT) method. In our research, we observed an interesting correlation between HLA type and TCM constitution.
MATERIALS AND METHODS

Subjects
A total of 706 subjects were selected for this study. In order to avoid age, ethnicity, geographic factors, or disease influencing the data, all subjects involved were healthy adults between 20 and 50 years old, with a Han background and living in South China. The constitution of each individual was diagnosed independently by three experienced TCM doctors from the Guangzhou University of Traditional Chinese Medicine (Guangzhou, People's Republic of China), according to the characteristics described by Wang. 1 Based upon these assessments, individuals were assigned to 1 of 7 constitution groups: Normality (n ϭ 99), Yin-deficiency (n ϭ 94), Qi-deficiency (n ϭ 111), Wetness-heat (n ϭ 100), Yang-deficiency (n ϭ 115), Blood-stasis (n ϭ 106), and Phlegm-wetness (n ϭ 81). Analysis of the distribution of age and gender between groups revealed no significant difference (p ϭ 0.05). Normality constitution was used as the control group. 
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Genotyping of HLA class II genes
Two milliliters (2 mL) of peripheral blood was obtained from each subject, using acid citrate dextrose (ACD) as an anticoagulant. Genomic DNA was extracted, using the modified salting-out method recommended by the International Histocompatibility Work Group (IHWG; www.ihwg.org/ protocols), and PCR-SBT used for HLA class II typing: Alleles DRB1, 10,11 DQB1, 12 and DPB1 13, 14 were screened for. Briefly, the entire exon 2 of DPB1, DRB1, or DQB1 was amplified by PCR reaction in a 20-L volume. A single primer pair DPBF/DPBR was used to amplify the second exon of DPB1. 13, 14 Exon 2 of DRB1 was amplified using nest-PCR: the first round of PCR performed with a generic primer pair, DRBF/DRBR, and the second round with 12 pairs of primers designed by Kotsch 10, 11 to amplify specific groups of alleles. Nest-PCR was also used in the amplification of DQB1, with the primer pair, DQBF/DQBR, used in the first round and two pairs of primers (DQ13/DQB-2L and DQ13/ DQB-5L) used in the second round of amplification. 12 The PCR products were then directly sequenced on an ABI 3700 automated DNA sequencer (Applied Biosystems, Foster City, CA).
Statistical analysis
HLA class II allele frequencies (AF) and phenotype frequencies (PF) within each group were calculated and those for Normality constitution were statistically compared with each of the other constitution groups, using the chi-square test with a Yates correction. When a significant difference was observed, the degree of association was estimated by the relative risk (RR), calculated according to the method of Woolf. 15 
RESULTS
HLA class II allele distribution in different constitution groups
In this study, 26 alleles of DPB1, 39 of DRB1, and 20 of DQB1 were detected, similar to our previous findings in the Chinese population. 16 The most common DPB1 alleles detected in all studied groups were DPB1*0501, DPB1*02012, DPB1*0202, and DPB1*1301. Those for DRB1 alleles were DRB1*15011, DRB1*09012, and DRB1*12021, whereas those for DQB1 were DQB1*03011/ 0309, DQB1*0201/0202, DQB1*05021, DQB1*06011/ 06013, and DQB1*03032.
HLA class II phenotypic and allelic frequencies, in each constitution group, are listed in Tables 2 and 3 , respectively. It was noted that several HLA alleles were significantly increased and others significantly decreased, when each constitution group was compared to the Normality constitution (p Ͻ 0.05). Table 4 lists those alleles, which were increased in (positive associated alleles) and those which were decreased in, or absent from (negative associated), each constitution group. Of these positive-and negative associated alleles, the frequencies of DPB1*0501 in the Yin-deficiency group, DRB1*09012 in the Phlegm-wetness group, and DQB1*03032 in the groups Qi-deficiency and Phlegm-wetness were still significantly different from the Normality constitution, when the p-values were further corrected to reduce type I error, suggesting that those alleles might be group-specific and hence relate to a particular constitution. The pattern of allelic frequencies within the different groups (Table 3) was, for the most part, similar to the phenotypic frequencies.
Analysis of serological groups
In addition to the above, HLA class II allele frequency was also assessed seriologically. Thirteen (13) HLA-DRB1 and 7 HLA-DQB1 serological groups were assessed (Tables  5 and 6 , respectively). The frequencies of DR*04 in the Blood-stasis group, DR*07 in the Yin-deficiency, Qi-deficiency, and Yang-deficiency groups, DR*11 in the Qi-deficiency, Wetness-heat, Yang-deficiency, and Phlegm-wetness groups, and DR*13 in the Yin-deficiency group were significantly lower than in the Normality constitution group, whereas the frequency of DR*09 in the Phlegm-wetness group was significantly higher than in the Normality constitution group (Table 5 ). The frequencies of DQ*05 in the Wetness-heat group and DQ*09 in the Yin-deficiency, Qideficiency, Blood-stasis, and Phlegm-wetness groups were found to be significantly higher than in the Normality constitution group, but the frequencies of DQ*06 in the Wetness-heat group and DQ*02 in the Qi-deficiency and Phlegm-wetness groups were significant lower than in the Normality constitution group (Table 6) .
DISCUSSION
TCM, an ancient and invaluable medical branch, has been used in China for thousands years and is still widely used today. However, theories of TCM have not been validated by modern medicine, and the underlying biological mechanisms of TCM are still unknown. Pleiotropism, genetic heterogeneity, and variability are the main principles of clinical genetics in modern medicine. 17 These principles highlight the importance of genetic background and environmental factors in the diagnosis and therapy of disease, and form the basis for the concept of "individual medicine," which has, interestingly, been at the core of TCM throughout its long history. The theory of TCM constitution states that the susceptibility, progress, and prognosis of diseases are dependent on the constitution of patients. This is similar to the concept in western medicine that the susceptibility to disease is associated with the genetic background of individuals. This suggests that different constitutions may be related to different gene polymorphisms. HLA is the most complicated and polymorphic genetic system of human beings and associations with more than 100 diseases have been noted. 6 A few studies have attempted to address the relationship between TCM constitutions and HLA polymorphisms 18, 19 in China. However, these studies are of limited value owing to the small sample sizes and inadequate typing methods used. In this study, the association between TCM constitutions and polymorphism of HLA class II genes was, for the first time, studied systematically at the allelic level, using the high-resolution PCR-SBT method in a large sample of the Chinese population.
Comparisons between the Normality constitution and other constitutions were carried out at both allelic and phenotypic levels. An association between TCM constitution and HLA polymorphism was indeed found to exist. Yin-deficiency constitution was associated with differences in DPB1 alleles, with significantly higher DPB1*0501 and lower DPB1*0201 phenotypic frequencies, compared to the Normality constitution. The phenotypic frequency of DQB1*06011-06013, in this group, was also increased. Further, the phenotypic frequencies of DRB1*1405 and DRB1*14071 increased, and the frequencies of DRB1*04051, DRB1*15011, and DQB1*05021 decreased in Blood-stasis constitution. The phenotypic frequencies of DRB1*09012 and DRB1*15021 increased in the Phlegmwetness constitution. In addition, the frequencies of DPB1*0501 in the Yin-deficiency group and DRB1*09012 in the Phlegm-wetness group were still significantly different from the Normality constitution when the p-value was multiplied by the number of alleles tested, indicating that these HLA alleles are genetically related to the corresponding TCM constitution.
Interestingly, some alleles are associated with several constitution groups. For example, the phenotypic frequencies of DQB1*05011 were found to be significantly higher in the Wetness-heat and Phlegm-wetness groups, suggesting a possible relationship between these groups. Similar phenomena were observed for DQB1*03032 in the Yin-deficiency, Qi-deficiency, Blood-stasis, and Phlegm-wetness groups; DQB1*06041 in the Yin-deficiency, Qi-deficiency, Wetness-heat, and Yang-deficiency groups; DQB1*0609 in the Yin-deficiency and Wetness-heat groups; DRB1*11011 in the Qi-deficiency, Wetness-heat, Yang-deficiency, and Phlegm-wetness groups; and DRB1*13021 in the Yin-deficiency, Wetness-heat, and Yang-deficiency groups. These results may indicate that some constitution groups share similar features. Moreover, a single constitution is often associated with several HLA class II alleles. This makes sense, as it is unlikely that constitution features could be determined by a single gene.
Serological analysis revealed associations between constitution and HLA polymorphism, including DR*04 and the Blood-stasis group, as well as DQ*09 and the Qi-deficiency and Phlegm-wetness groups. DR*04 alleles were completely absent from 100 Blood-stasis individuals, whereas 11 of 94 (188 alleles) Normality constitution subjects fell into the DR*04 serological group (0% vs. 6%, p ϭ 0.0005; Table 5 ). The difference in DR*04 was not attributable to any single allele. It has been reported that a DR*04 serotype is associated with susceptibility to many diseases, such as type I diabetes 20 and rheumatoid arthritis. 21 However, whereas DR*04 is less common in individuals of a Blood stasis constitution, it is still not known whether the incidence of these diseases is different in people with this type of constitution than other types of constitutions. The allelic frequencies of DQB1*09 in the Normality, Qi-deficiency, and Phlegm-wetness groups were 8.1% (15 of 186 alleles), 22.2% (47 of 212 alleles), and 19.9% (29 of 146 alleles), respectively ( Table 6 ). The relative risk of DQB1*09 in the Qi-deficiency and Phlegm-wetness groups was 3.2 and 2.8, respectively, and remained highly significant after the p-value was multiplied by the number of alleles. Further investigation revealed that the frequency of DQ*09 was mostly contributed to by only one allele, DQB1*03032, implying that this allele is highly associated with both a Qi-deficiency and Phlegm-wetness constitution. 
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CONCLUSIONS
In summary, we investigated the relationship between different TCM constitutions and polymorphism of the classical HLA class II genes, DRB1, DPB1, and DQB1. This study was the first time that the theories of TCM were studied using a modern molecular biological method. Our initial results indicated that some HLA alleles and serological types associate with certain TCM constitutions. This suggests a genetic basis for the classification of physical constitution in TCM. This study lays the foundation for future in-depth studies into the theory of this type of ancient medicine using modern biological approaches. However, TCM is a complex medical discipline, and it is unlikely that there is only one underlying genetic factor. Other genetic markers, such as single nucleotide polymorphism, should also be investigated in this context. Nonetheless, this study is a step forward in connecting this type of ancient, well-practiced medicine with modern biology.
